Objectives: To examine (1) the inter-relationships between socio-economic status (SES), physical activity, three different domains of sitting time (weekday, weekend day and leisure-time sitting), and being overweight or obese (body mass indexX25 kg/m 2 ); and (2) the potential mediation effects of sitting time in the relationship between socio-economic factors and being overweight or obese in working Australian adults. Design: Observational epidemiological study. Subjects: One thousand forty eight working adults. Using a multistage sampling design on neighbourhood SES, participants were from high and low SES neighbourhoods of an Australian capital city. Measurements: Neighbourhood SES was assessed using census data; individual SES was based on self-reported educational attainment and household income. There were three sitting time variables: sitting time on weekdays, weekend days and in leisure time. Overweight and obesity were determined using self-reported body weight and height. Results: Gender, age, neighbourhood SES, education, working hours and physical activity were independently associated with weekday, weekend day and leisure-related sitting time. With the exception of education and working hours, these variables were also independently associated with being overweight or obese. Leisure-time sitting was found to be a mediator in the relationships between gender, education and being overweight or obese. Conclusion: Strategies to promote less sitting in leisure time are required to combat overweight and obesity in Australian adults, especially among those from low SES neighbourhoods, and among those with high levels of education and income who work long hours.
Introduction
The prevalence of overweight and obesity is increasing worldwide. [1] [2] [3] [4] As weight gain is caused by a positive energy balance (i.e., more calories are consumed than expended), both physical inactivity and activity contribute to the growing problem of overweight and obesity. In previous studies, the focus has primarily been on physical activity, with evidence of a role for physical activity in the prevention of weight gain, weight regain and weight loss. [5] [6] [7] [8] Sedentary behaviours have also been shown to be independently associated with overweight and obesity. For example, a large European study has reported an independent association between time spent sitting and body mass index (BMI); 9 and, the Australian Longitudinal Study on Women's Health has reported that sitting time is independently associated with weight gain in both young and middle-aged women, after adjustment for a large number of potential covariates. 10, 11 The results of these and other studies suggest that separate consideration of the roles of physical activity and sedentary behaviour may be required, when considering predictors of weight gain. Until quite recently, the focus of many studies of sedentary behaviour has been on leisure time behaviours such as time spent watching TV. For example, Salmon et al. 12 found an association between time spent watching TV and BMI in adults with differing levels of physical activity. However, as approximately 61% of Australian adults are now employed in work outside the home, in occupations where sedentary behaviour is the norm, the time spent sitting at work may also be an important predictor of weight gain. The few studies that have explored the relationship between workrelated sedentary behaviour and obesity have reported conflicting results. The Nurses Health study showed a significant association, with an increase of 5% in obesity for each daily 2-h increment in 'sitting at work or away from home or while driving'. 13 However, a smaller Australian study, which examined the relationship between total sitting time (across several domains) and overweight and obesity, found that the relationship was attenuated after adjustment for physical activity, gender and employment status (full time or part time work). 14 Another Australian study has recently reported a significant association between sitting time on workdays and overweight in men, but not in women. 15 While most of these previous studies adjusted for physical activity, which is a potential confounder in the relationship between sitting time and overweight, only the cohort studies reported by Hu et al. 13 and Brown et al. 11 were able to adjust for energy intake, which may be as important as energy expenditure in the relationship with overweight. Another potentially important confounder in these studies is socioeconomic status (SES), which is known to be associated with both dietary patterns and physical activity. For example, more disadvantaged population groups generally have a poorer-quality diet (e.g., higher fat intake and lower vegetable consumption) than higher SES groups, [16] [17] [18] [19] which may explain, at least in part, the inverse association between SES and obesity demonstrated in some studies. 20, 21 In light of the potentially complex associations between SES and overweight, this study reports on the analysis of data from adults participating in a survey that systematically sampled both individual-level and neighbourhood-level SES. We hypothesised that SES and physical activity would be independently associated with sitting time, that SES and physical activity would be independently associated with overweight, and that sitting time would partly mediate the relationship between SES and overweight. Thus, the primary aims of the present study were to examine (1) the interrelationships between SES, physical activity, three different domains of sitting time (weekday, weekend day and leisuretime sitting); and being overweight or obese (BMIX25 kg/m 2 ); and (2) the potential mediation effects of sitting time in the relationship between socio-economic factors and being overweight or obese in working Australian adults.
Methods

Study design and participants
Participants were from an observational epidemiological study conducted in the city of Adelaide, Australia. Details about the sampling design and recruitment procedure are given elsewhere. 22 The study sample was drawn from residential addresses within 32 neighbourhoods selected from urban census collection districts (CCDs) according to census level data on age, household income, labour force status and property valuation. Based on the 25% extremes, neighbourhoods were categorised as 'low' (bottom quartile) and 'high' (top quartile) SES. In each neighbourhood (n ¼ 32), 250 addresses were randomly selected and mailed.
Residents of private dwellings aged between 20 and 65 years were included; adults living in group-living establishments were excluded. Those who were eligible and agreed to participate were sent a survey including questions about socio-demographic characteristics, physical activity behaviour and sitting times. For this analysis, only those who reported having full-time, part-time or casual paid work in a job, business or profession, or having unpaid work in a family or other business, were included. The Behavioural and Social Sciences Ethics Committee of the University of Queensland approved the study.
Measures
Overweight and obesity. Body mass index (weight (kg)/square of height (m 2 )) was calculated using self-reported weight and . 23 Participants with an extreme low or high BMI (o15 and 450 kg/m 2 ) were excluded from the analyses.
Sitting times
The self-administered long version of the International Physical Activity Questionnaire (IPAQ) was used to assess time spent sitting on weekdays and weekend days. 24, 25 All questions referred to the last 7 days. Both IPAQ sitting time variables (i.e., sitting on a weekday and sitting on a weekend day) asked about the time spent while at work, at home, while doing course work and during leisure time, and may include time spent sitting at a desk, visiting friends, reading or sitting or lying down to watch television. Additional questions asked about time spent (in days and minutes per day) in the following seven sedentary leisure activities: computer/internet for leisure, video games, reading, sitting and talking with friends or listening to music, talking on the phone, television or video watching, and driving or riding in a car. 26 Weekly time spent in each activity was computed by multiplying frequency (number of days) and duration (daily minutes) on a typical day. The products for the seven activities were then summed to derive a measure of total weekly time spent sitting in leisure activities. All three sitting time measures (sitting on weekdays, sitting on weekend days, and sitting in leisure time) were categorised into tertiles.
Physical activity. Physical activity was measured using the long version of the IPAQ. 24, 25 Participants were asked to Other socio-demographic information. The participants were also asked to report their gender, age and average working hours per week.
Statistical analyses
As this study adopted a two-stage cluster-sampling design (participants nested within CCDs), and the intra-class correlation coefficients for the examined variables ranged from 0.01 to 0.16, multilevel analyses were conducted. Quasi-likelihood multilevel multinomial logistic models were used (one multiple factor model for each sitting time variable) to estimate the independent associations between gender, age, socio-economic factors, working hours, and total physical activity (explanatory variables) and sitting behaviours (criterion variables). A first order marginal quasilikelihood procedure was employed to obtain starting values for the second order predictive quasi-likelihood procedure, as suggested by Rasbash et al. 27 The lowest levels of sitting time were the reference categories. Logistic regression analyses were conducted to explore the relationships between gender, age, SES, working hours, physical activity and the three sitting time variables and overweight/obesity (BMIX25.0 kg/m 2 ). Unadjusted odds ratios (ORs) for being overweight or obese were first calculated for each of the independent variables. Logistic regression was then used to examine the associations between socio-demographic factors, working hours and physical activity and overweight/obesity, with all independent variables entered simultaneously (Model 1).
The potential mediational effects of sitting time on the relationship between socio-economic factors and being overweight or obese were analysed by computing point estimates of the mediated effects and testing their statistical significance following the procedures outlined by Krull and MacKinnon (2001) . 28 This procedure involved the estimation of: (a) multinomial logistic regression models to explain relationships between the socio-economic variables and the potential mediators (sitting time variables); (b) logistic regression models to explain the relationships between the socio-economic variables and the outcome variable (overweight/obesity) (Model 2). The point estimates of the mediated effects (ME) were computed by multiplying the estimate of the regression coefficient for a specific socioeconomic factor obtained from the multinomial logistic regression (describing the relationship between a specific socio-economic factor and a specific sitting time variable) and the estimate of the regression coefficient for a specific sitting time variable obtained from Model 2 (describing the relationship between a specific sitting time variable and overweight/obesity after controlling for socio-economic factors). The standard errors of the mediated effects (SE ME ) were computed using the algorithm given by Krull and MacKinnon. 28 The statistical significance of the ME was estimated by computing the ratio of ME to SE ME and comparing it to a standard Normal distribution (two-tailed significance test). Finally, to explore the possibility of interactive effects of socio-economic factors and sitting behaviours on overweight/obesity, first-order interaction terms (socio-economic factors by sitting time variables) were added to the logistic regression model (added to Model 2). Only significant interaction effects were retained in the model (Model 3). For all analyses, a probability level of 0.05 was adopted. Analyses were conducted using SPSS version 13.0 and MLwiN version 2.00.
Results
A detailed description of the response rates are given elsewehere. 22 The response rate was 11.5% (n ¼ 2650), which includes the number of eligible persons in each neighbourhood who completed the survey, as a proportion of the effective sample (i.e., total sample less failed addresses). Of these, 2650 adults aged 20-65 years, who completed the mail-out survey, 1568 (59%) were working. Of these, 1048 provided complete data for all variables included in the final model, and were included in these analyses. The study sample consisted predominantly of women (61.5%) and participants with higher levels of education Sitting time, socio-economic status and overweight KI Proper et al (57.3%). A greater proportion of participants lived in relatively high SES neighbourhoods than in lower SES neighbourhoods (61.3 and 38.7%, respectively). Initially, the distribution of participants among high-and low-SES neighbourhoods was balanced (47.8 and 52.2%, respectively). However, following selection of the working population and those without missing data, the distribution became skewed towards inclusion of a greater proportion of participants from relatively high SES neighbourhoods. Further, more than a quarter (28.
Pearson's correlation coefficients suggested that the time spent sitting on a weekday among workers was likely to represent reasonably well the time spent sitting at work. Sitting time on a weekday was significantly negatively correlated with occupational physical activity (r ¼ À0.40) but was not associated with leisure time physical activity (r ¼ 0.03). The non-work-related sitting time variables (sitting on a weekend day and sitting in leisure time) were only weakly positively correlated with occupational physical activity (r ¼ 0.11 and 0.04, respectively).
Relationships between socio-economic variables and sitting time Adjusted ORs for moderate and high levels of sitting on weekdays, weekend days and in leisure time, for each demographic, SES and physical activity category, are shown in Table 1 . Men tended to spend more time sitting on weekend days and in leisure time than women (Po0.05). Although age was positively associated with sitting time on weekend days (Po0.05), the middle-and older age group reported significantly lower levels of sitting in leisure time than their younger counterparts (20-34 years) (Po0.05). Lower neighbourhood SES and lower education were each There was a significant inverse relationship between total physical activity and sitting time on both weekdays and weekend days (Po0.05 or 0.001), but not with sitting in leisure time (see Table 1 ). The OR for high sitting time on weekdays was 12.6 among respondents who reported low levels of physical activity (compared with those who reported high levels of physical activity).
Relationships between socio-economic status, physical activity, sitting time and being overweight or obese Main effects. Mean BMI values and crude ORs for being overweight or obese (BMIX25) for each of the categories of Table 2 (columns 3 and 4). Men were significantly more likely than women to be overweight or obese (Po0.001). Increasing age, lower neighbourhood SES, lower education, and higher weekend day and leisure sitting times were associated with increased odds of being overweight or obese. After adjusting for all the independent variables (except the sitting times), gender, age, neighbourhood SES and total physical activity were significant explanatory variables of being overweight or obese (Model 1; see column 5 of Table 2 ). These independent contributions to the explanation of overweight/obesity were preserved after inclusion of the sitting time variables in the logistic regression model (Model 2; see column 6 of Table 2 ). In this final main effects model, there was a significant independent association between leisure-time sitting and being overweight or obese. Those who reported more than 1860 min per week (which equates with about 265 min or more than 4 h a day) of sitting in leisure time, were more likely to have a BMIX25 kg/m 2 than those who reported o1170 min a week (167 min or 2.75 h per day), after adjustment for all the other variables shown in Table 2 (OR ¼ 2.07). There was a significant interaction effect between educational attainment and sitting on weekend days on risk of being overweight or obese (Model 3; see last section of Table 2 ). Compared with those in the highest education category with low sitting times, respondents in the lowest education category with low sitting times were more likely to be overweight or obese (OR ¼ 2.65).
Mediational effects. Sitting in leisure time was identified as a potential mediator of the observed relationship between gender, education and risk of being overweight or obese. The estimates of the mediated effects for moderate (vs low) and high (vs low) levels of sitting in leisure time on the relationship between gender and overweight/obesity were 0.19. (s.e. ¼ 0.08; P ¼ 0.07) and 0.19 (s.e. ¼ 0.12; P ¼ 0.10), respectively. These results suggest that the observed increased risk for men to be overweight or obese may be partly attributed to their higher levels of leisure-time sitting. The estimated mediated effects for moderate (vs low) and high (vs low) levels of sitting in leisure time in the relationship between educational attainment (low vs high) and overweight/obesity were 0.19 (s.e. ¼ 0.11; P ¼ 0.10) and 0.45 (s.e. ¼ 0.19; P ¼ 0.02), respectively. These results indicate that the observed increased risk of being overweight or obese in the lower educated working population (compared with highly educated individuals) could be partly attributed to their higher levels of leisure-time sitting.
Discussion
The results of these analyses extend our understanding of the complex associations between sitting time and the risk of being overweight or obese. 9, 13, [29] [30] [31] The findings confirm that gender, age, neighbourhood SES, physical activity, and sitting in leisure time are independently associated with overweight and obesity in working Australian adults. The relationships between these variables are however complex, with physical activity and sitting time variations across socio-economic strata presenting a maze of potential models for explaining the growth of overweight and obesity in the working population. The initial analyses found higher levels of weekday sitting among respondents from high SES neighbourhoods with tertiary-education qualifications, long working hours, and low physical activity levels. In contrast, higher levels of leisure-time sitting were reported by men, younger Sitting time, socio-economic status and overweight KI Proper et al respondents with lower levels of education, lower income and shorter working hours. A possible explanation for the inverse association between leisure-time sitting and individual SES might be related to the fact that those of lower SES are more likely to be physically active at work and generally have lower levels of leisure time physical activity. [32] [33] [34] It may thus be that those with high levels of occupational physical activity compensate this by having low levels of leisure time physical activity, and therefore maybe having higher levels of leisure-time sitting. When the associations between sitting time and overweight and obesity were considered in conjunction with the socio-demographic and physical activity variables, it became clear that long hours of sitting in leisure time (rather than sitting on weekdays, at work), as well as gender (being male), age (older), neighbourhood SES (low) and physical activity (low) were significantly associated with being overweight or obese. Previous studies have shown significant relationships between weekday sitting time and overweight, especially in men, [13] [14] [15] but these studies did not include the detailed assessment of leisure-time sitting used in this study. The mediational analyses confirmed that the increased risk of being overweight or obese among those who reported long sitting hours at work (mostly men with tertiary education and high income) may be offset by lower levels of leisure time sitting. Similarly, the increased risk of being overweight or obese in the lower educated working population (compared with those who were more highly educated) could be partly attributed to their higher levels of leisuretime sitting.
To our knowledge, this is the first study to explore the relationships between sitting times and overweight among respondents from contrasting areas of low and high neighbourhood SES. The results showed that, even after adjustment for all the potential confounders, neighbourhood SES was significantly associated with the likelihood of being overweight or obese. This finding points to a need for future studies to explore the differences in social environmental factors in contrasting SES neighbourhoods which may underlie the relationships between neighbourhood SES and BMI. For example, dietary intake is likely to vary significantly in low and high SES areas of Australia and to impact on overweight and obesity. 35 The lack of dietary data is acknowledged as a major limitation of this study. In addition to the lack of dietary data, another limitation of this study was that the analyses were based on selfreported data, including reports of sitting times and body weight and height. The operationalisation of overweight and obesity using self-reported BMI has a relatively large measurement error; adults can overestimate their height and underestimate their weight, resulting in underestimates of BMI. 36 We measured sitting time and physical activity using items derived from validated questionnaires, 25, 26 and while more objective measures would have been preferable it was not feasible to use these. We also made some assumptions about weekday sitting that implied that most of this time is spent at work. We acknowledge that there is however some time left on weekdays for other sedentary activities, including sitting in cars and watching television.
As there is considerable variation in the sitting time measures used in different studies, comparing our sitting time data with those from previous studies is also problematic. For example, in the Nurses Health Study, 13 participants were asked to report their 'sitting time at work or away from home or while driving' and one of the previous Australian studies asked full-time workers to report 'sitting time during a working day'. 15 Another Australian study did estimate occupational sitting time, but used total sitting time (across several domains) to examine the relationship with overweight. 14 Although our study lacked a direct estimate of sitting time at work, correlation analyses supported the assumption that the time spent on weekdays among these workers was representative of the time spent sitting at work. Sitting time on weekdays was significantly inversely correlated with occupational physical activity, but not with leisure time PA. The non-work-related sitting time variables (sitting on a weekend day and sitting in leisure time) showed very weak positive associations with occupational physical activity. If they can reliably be replicated, our findings may have important public health implications. For example, recent Australian population studies have shown that time spent watching television (a ubiquitous leisure-time sedentary behaviour) is associated with poorer glycaemic control and also with greater risk of having the metabolic syndrome. 37, 38 Considering the ubiquity of sedentary behaviour at work for most working adults, initiatives that promote a reduction of sitting in leisure time are required.
The lowest quartile for leisure-time sitting in this study was equivalent to o2.8 h/day, with those in the highest tertile sitting for more than 4.4 h per day. Exchanging just 30 min of sitting time for more active leisure would have a profound impact on population levels of overweight and obesity.
11,39 Even though we did not find an association between sitting time on weekdays and overweight or obesity, strategies for reducing sitting time at work could also make a significant contribution to the prevention of weight gain in working populations. Just as there are now recommendations for Australian youth for both physical activity and sedentary behaviours (www.healthyactive.gov.au) it would now be timely to advise adults from all socio-demographic backgrounds to increase their physical activity and decrease their leisure time sitting, in order to curtail the continuing problem of overweight and obesity in Australia.
